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ClouclSat is being  proposed to measure tbc vertical StIUCtUIC  of clouds  from space. ‘1’his mission is
designed to investigate feedback mechanisms linking clouds ad climate. I{xistillg  models  relating
cloudiness, atmospheric circulation, and temperature lack the accuracy ncccleci  to meet climate modeling
needs. Current ad planned obscrvat ion systems wi 11 only passively sense the uppermost cloud layer and
will usually be unable to observe the structure of underlying clouds. h~easwing  the vertical cloud  profile
requires a combination of active ad passive instruments.

‘1’hc CloudSat  mission is being dcvclopecl for the cost-con strainccl  NASA 1 lartb System Science
Pathfinder (113SI’) mission series. ‘1’hc proposed payload consists of a 94-G] 17 cloud profiling radar
((:1’1<),  a cillal-~~’a~clcllgtll  aerosol and cloLId  lick (A(l ,), an oxygen  A-band near-infrared spcctmmcter
integrated ~vith a visible imagcr (A IISI), and a sllb]llilli]~letcr-~~al’e  cloud ice radiometer (C] ,11{)  as
shown in l;igurc  1.
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MISSION olLJltc’1’lvlts

ClouclSat is designed to resolve the mechanisms relating radiation, climate, and clouds. It will compile
a database of cloLd measurements to identify and quantify fundamental climatic processes relating the
llarth energy balance to its hydrological cycle. ‘lhc ultimate goal is improve tbc accuracy of climate
models by developing more realistic representations of clouds ad their influence on climate. Cloud Sat
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\\,i]] also dclllollstratcs  kcy tcchno]ogics  for operational space-based C1OUCI pmflling and will facilitate
assessment of tbe value of cloud profiles for forecasting wcatbcr.

Understanding and resolving climate feedback mechanisms is an important objective for tbc NASA 110S
mission set. I ]owcvcr, p]antlcd lK)S, GOIIX,  and NI)Ol 1SS payloads will not bc able to reliably detect
tbc presence of multi-layer C1OLK1S. ‘1’hey arc thcrcfol c limited in tbcir ability to characterize cloLicl-
indaccd  cbangcs  in radiative heat ins of tbc atmosphcm  1 t is this obscrvat ional  gap that Cloud  Sat intmds
to fill. l’hc design for CloudSat  will provide new insight into climatic processes by:

● I)ocumenting tbc vertical distribution of cloud and aerosols with 250 to 500 mckr resolution
● Retrieving tbc total cirrus ice content and vertical distribution of ice water.
. Measuring optical depth and cloud phase.
● Validating 1{0S cloud and radiative flax products.
● lntcgratiag Cloud Sat ami lIX)S observations to assess tbc performance of climate moclcls.

MISSION I’AJ’I,OA1)

‘1’he (;loudSat radar, CPR, will profile clouds. It will operates at 94-G] IZ using  1.5 liW peak transmit
pol~cr, a rc13ctitio11  ~atc of 4700 I IZ, ancl an uncoded  pulse width of 3.3 IN. l’hc radar footprint is roughly
900 meters requiring an antenna ciiamctcr  of 1.85 meters. ‘1 he antenna, a center-fed Cassegrain,  requires
that spacecraft be pointed with an accuracy of 0.5(’ to mitlimize specular surface reflections and
mcasarcmcnt contamination from sidclobc  reflections.

‘1’hc choice  of radar frequencies is a trade-off bctwum sensitivity, tccbnological  limitations, and
atmospheric attcnuatim.  Radar backscattcr  from hydmmcteors (ice crystals, cloud droplets, and
precipitation) increases dramatically with increasing frequency. ‘llc sensitivity to cloud particles needs
to be balanced against atmospbcric  transmittance and the performance of radar technology wbicb botb
degrade at bighcr  frequencies. A small percentage of the time, tbc 94-Gllz radar will not be able to
penetrate the cloud base. ‘1’his will occur when very thick clouds or bcavy precipitation arc present. “1’hc
mission objective dictates this cboicc.  “1’o derive radiative heating, it is more important to have tbc
scmitivity to detect high this clouds than it is to dctctminc  tbc base of a heavy cloud deck.

“1’lIc radar has been designed with pulse coding  capability to enbancc  sensitivity to thin clouds in tbe
mid- to upper-troposphere. WIIcn pLllsc coding  is sclcctcd, the radar transmits 33.3 ps pulses at a 900
I IZ repctitiotl  rate. l’alse coding  increases sensitivity at the expense of gcmxatiag  range siciclobcs  from
highly reflective clouds and tbc llartb sarfacc. ‘1’hc sarfacc-indaced  range sidclobcs  will obscure clouds
near tbe ground. ‘1’bus, it is envisioned that coded pulses will be interspersed with uncoded  pulses in
order to resolve botb thin clouds  and sarfacc-level CIOLKIS.

AC], is a dual-wavclcngtb  lidar for sensing thin clouds and aerosols. AC1, was not part of the 1996
CloudSat  proposal dac to cost constraints; bowcvcr, a lidar is planned for the proposal to be sabmittccl
in response to 1998 llSS1) Announccmcnt  of Opportaaity. ‘J’bc AC], design parameters arc less well
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Ckfi1K2d h[l lhc OtbC~ jXI~]Od  iIISt~LllNCllK  duC k) fk lLXCIlt  dCCiSiOIl  k) ICillCO~pO~atC tbC AC1. ill llCXt
ClcndSat  proposal,. I’m wavclcngtbs  arc being considered for ClowlSat  ( 1064 nm and 532 mu). ‘1’he
power  output  will be cictcnninccl  by the radar sensit ivity. ‘J’hc sensitivity ofthc Iiclar  will be optimized
for tbc regime \Yllcrc  tbc radar will begin to lose sensitivity. lt is expected that the liclar  will bc able k
penetrate clouds  with optical clcptbs on Ihc order of 1 to 2.

ADS] is a high resolution spectrometer centered on the oxygen A-band (-770 nm) that is integrated with
a visible imager. ‘Ik sI~cctro]lletcr/illlagcr  will provide the capability of detecting thin CIOLKIS  and
aerosol layers, provide a coarse estimate of tbcir altitude, determine optical depth, and document the
morpbo]ogy  of tbc CIOLKI field. With a signal-to-noise of 1000:1 it will be able to retrieve C1OLKI
properties to an oJ3tical clcptb  of 0.02 with 3% accuracy. AIIS1 will only operate during  the daytime
because tbc spectrometer and imagcr require sunli~ht.

‘1’hc visible imagcr  (748 nm ~ 5 rim), provides the context  for ClcmdSat measurements. It will allow
rescarcbcrs  to associate C1OUCI  profiles with mcsoscalc  wcatbcr patterns. l:or example, it wilt be able to
iclcnt  i fy when a CIOUC1 pmfi Ic is associated with a t mpical storm, a cLmLllLls colLmln,  or a uniform cloLud
deck. ‘] ’he data from tbc imagcr  will be bigbly  colnprcsscc[ to rcdLlcc its data requirements.

‘1’hc high rcso]ution spectrometer determines tbc optical dcptb and altitude of thin C1OLICIS by making  high

spectral rcsolL]ticm (0.5 cm-’) measurements at tbc oxygen  A-band (761 nm -772 rim). ‘1’hc oxygen  A-
bancl is cbaractcrizcd  by a “tbickct” of closely spaced spectral lines. ‘1’hcrcforc,  a small change  in
wavclcngtb  will vary the rate at which light is attenuated as it traverses the atmospbcrc. With
measurements made over a wide range of attenuation lengths, it is possible to determine optical dcptb,
photon  path length, various cbaractcrislics  of the scattering particle, and the scattering altitude.

SLlllllli llilllcter-\~’a\~c  racliomctric  measurement of C1OLKI ice is a new tccbnique  for retrieving cirrus ice
mass and ice crystal size. It can be understood intaitivcly.  II] the absence of C1OLK1S, the llartb  appears
to emit a relatively uniform background of sLlb!lli]]illlctcr-\va\7c  (> 300 G] lz) radiation. ~’hc soLIrcc  of
these emissions is mid- and lo}~’cr-tro]>os~lllcric  water vaJmr.  When viewed from space, cirrus clouds will
scatter tbc background emissions back toward the 1 ;arth  mlucing  tbc upward fl LIX of sLlb]llil!illlctcr-\\ravc
energy. I ]cncc, cirrus clouds appear “cool” against the “tvarm” emission background. ‘1’hc reduction ii]
radiative brightness is dependent m both the number of ice crystals and their sins, Measurements made
at two widely  separated frequencies pcm it variations in thermal  flLIx  caLlscd  by changes in mean crystal
si~,c to be distinguisbcd  from cbangcs  it) ice content.

‘1’hc CloudSat  radiometer is a sensitive hctcrodjmc receiver tuned to 640 G1 Iz and 183 G] Iz. When
coLq)]cd with 94 (3I Iz, radar mcasurcmcnts,  the 640 (;1 IY, measurements of atmospheric brigbtmxs  a] lows
retrieval of ice mass and mean crystal size. Since 183 G1 lY is situated on a lvater vapor line, tbc
frequency can be chosen to mimic tbc atmospheric opacity observed at 640 ~i~ ]Z 1 lowcvcr,  a
radiomckic measurement at 183 Gl 17 has virtually no sensitivity to cloL]d ice. ‘Ilcrcforc, mcasurcmcnts
at 183 cl] lz provides an independent measure of variations in the water vapor emission background. l’his
\\Ii]] cl~sL1l.c tl~at tllc ~ll~dcrlyi[~g c[~lissi~[] st~l]ctL]rc \\Jill ]l~t c~l~tal~lillatc  the retrievals of icc ]]lass al]d
crystal size.
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{; A1.l BRATlON

lnclcpenclent  calibration of the instramcnt  payload will take advantage of misting gmund-basccl
observational sites. ‘1’he IX)l~ ~loml and Radiation ‘1’cstbcd in Oklalmnla,  Alaska, aml the South Pacific
will provide ground-based radars, liclars,  and passive illstrlllllc]ltatioll for concurrent cloud
measurements. Additionally, it is anticipated that (’]oudSat validation will be coordinated with the
NASA airborne science campaigns. ‘1’here arc airbomc versions of CII’R,  A~l + ~1.1 1<, and A1]SI either
under  development or undergoing flight tests. ‘llcsc  instruments combined with other airborne C1OLKI
sensors will provide the capability to verify the instrumental measurements and validate the cloud
retrievals. l:inally, there arc a series of university and governmental research facilities that will be made
a~,ai]ab]c for flight validati~ll.  I)Llc to tl~c illlp~rtallcc  of spacecraft validation,  sc\rcral members Of thC

~loudSat science team have been chosen to coordinate a range of ground-based validation activities.

‘J’hc mission is designed for a two-year lifetime as specified by the NASA 11SS1’ solicitation. ‘Ibis will
enable ~lomlSat  to observe more than one seasonal cycle. ‘1’hc desired orbit is a nearly sLII1-syIlcllroIloL~s
orbit (altitaclc  = -475 km, inclination = 97.1[’) providing coverage to 83° latitade.  ~o~~ll~lLl]licatiolls  is
accomplished via an S-band transceiver using an omni-directional antenna and X-band transmitter
utilizing a helical antenna. ‘1’hc total weight of the commercial spacecraft and payload is estimated to
be approximately 600 kg reqairing an average of 550 W of power.

CONC1.lJSloNS

[IloudSat is being developed to mcasare the vertical stractarc of clouds from space. lt integrates a cloud
profiling radar and aerosol and c]oud lidar with atl A-band spectrometer/visible imagcr  and a
sLlb]llillilllctcr-wa\’c cloLKl  ice radiometer. ‘1’his payload is cicsigncd  to profile CIOLKIS  with 250 to 500
meter resolution, detect very thin clouds, image  the regional cloud field, and rcttic~’c  cirrus ice content
and crystal size, mcasarc cloud optical depth, rctricvc cirrus ice content, and assist itl validating
measurements made by the NASA l;atth observing  System (110 S). Clloud  Sat will also famish an
important tccbm!ogy  demonstration for futarc scientific,  civilian, atld tactical  forecast systems.

‘1’hc ~;loudsat  concept was originally proposed to the 1996 NASA 11SS1’ mission opportunity. It was
ranked very highly, but was not selected due to the liSSl) program cost caJ].  Wc plan to propose this
mission concept to the 1998 l;SS1) Antmunccmcnt  of C)pportanily. ‘1’hc scicncc team is currently
exploring the possibility of teaming with itltcrnat  ional  partners and other gm~crnmcnt  agencies that have
related interests to facilitate cost-sharing thereby improving the ovcral  I compct it ivcncss of the proposal.

‘Ibis research was partially carried out by the .lct l)ropalsion  1,aboratory,  (;alifortlia  lmtitatc  of
‘1’cchno]ogy, under  a contract with National Acromtatics  and Space Aclministration.


